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TiO2 with foreign elements, metal or non-metal, can also enhance the performances of TiO2 through a narrowing of the band gap or by creating defect levels within the band gap. 20 Nonmetal or anion dopants do not cause major narrowing of the band gap, yet these impurity states participate in trapping the charges to cause improvement in the photocatalytic activity. 21 Boron doping of TiO2 has attracted attention due to its inductive creation of electron acceptor levels. 22 When boron is doped into the TiO2 lattice, boron atoms can occupy two different positions, an interstitial position and a substitutional position by filling up the oxygen vacancies. 23 When boron occupies an interstitial position within the TiO2 lattice, the stability of the doped TiO2 is far better when compared to the substitutional boron, which appear to be metastable and decompose into boron oxide. 24 Previously, the synthesis of boron-doped TiO2 has been focused on the formation of powders by sol-gel, annealing and hydrothermal methods. 25 Recently, BTiO2 thin films deposited by APCVD have been reported for the first time by Carmichael et al. 26 The boron dopant, incorporated in an O-substitutional position into the TiO2, did lead to remarkable rates of hydrogen production and more favourable photocurrent profiles when compared to non-doped samples.
In this work, interstitial boron-doped TiO2 thin-films were grown by APCVD on a float glass substrate. The interstitial boron dopant provided to B-TiO2 transparent thin-films an improved photocatalytic performance, as well as an increase of the particle crystallite size, compared to respectively. The heated precursors were carried to 2 mixing chambers by using N2 as the carrier 4 gas. The mixing chamber containing O and Ti precursors, was kept at a constant temperature of 523 K, whereas the mixing chamber containing the boron precursor, was kept at 473K. The glass substrate was placed in the reactor and heated up to 773 K, when the deposition took place. Both, the undoped and boron-doped TiO2 thin films described in this work were relatively hard and strongly adherent across the whole length of the glass substrate (see Indeed, the typical SEM image of the TiO2 film shows shell-shaped aggregated particles with sizes in the range from 120 to 230 nm, which contrasts with the significantly larger average particle size of the B-TiO2 sample (i.e. 290 to 500 nm). The formation of concentric circles might be explained due to zones where the gas phase reaction between precursors was prevailing along the glass substrate (89 × 225 × 4mm) and the 3D growth of clusters is promoted as the reaction take place more in the gas phase than directly on top of the substrate (2D growth).
6 To evidence the presence the boron in the films and elucidate its position in the film or within the TiO2 lattice, XPS analyses were performed both on the surface of the film and in depth. The Ti 2p
peaks, located at binding energies of 458.9 and 464.6 eV, were identified as Ti-O bonds of Ti 4+ in TiO2. 27 No other Ti 4+ environment or reduced Ti3+ species were detected (see figure S2 ). The O 1s peak located at 530.4 eV, is also consistent with the formation of TiO2. 24 The boron concentration on the surface of the film was found to be in the range of 5-6 at. %. 
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The increased crystallinity of the B-TiO2 sample may contribute to superior functional properties of the film in comparison to undoped TiO2. 21, 24 To investigate the influence of interstitial boron doping on one of the functional properties of TiO2, a photocatalytic activity test of the B-TiO2 films was performed and evaluated by the degradation of stearic acid under UVA irradiation (1.2 mW·cm −2 ). The photocatalytic reaction is given by the equation:
The photocatalytic process was recorded using FTIR (see Fig. S3 ), following the disappearance of characteristic C−H vibrational modes of the stearic acid (2958, 2923 and 2853 cm −1 ). The photocatalytic rates were estimated from linear regression of the initial steps (30−40%) of the curve of integrated area versus illumination time. 29 The corresponding rates were expressed as formal quantum efficiencies (FQE), defined as molecules of stearic acid degraded over incident photons (units, molecule·photon −1 ) (Figure 4a ). The photoactivity of the B-TiO2 film (Figure 4a ) was enhanced when compared to the undoped films deposited under the same conditions. For the first run, the FQE of B-TiO2 was found to be 9 times higher compared to the average FQE calculated for undoped TiO2 films. After the first run of photocatalysis, the performance of the B-TiO2 thin film decreases compared to the first run of the photocatalytic test, however, the performance of the boron-doped TiO2 films is superior to the average performance of the undoped films (Figure 4a The manuscript was written through contributions of all authors. All authors have given approval to the final version of the manuscript.
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